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Description 
BACKGROUND 

Ion-exchange chromatography is a convention- 
al chromatographic technique, inherently mild, low 
cost, large capacity and readily scalable. However, 
to date it has not been a useful technique for 
separating closely related impurities from proteins, 
especially rDNA proteins. 

An example of such an rDNA protein is human 
recombinant GM-CSF. Complementary DNAs 
(cDNAs) for GM-CSF, factors which support growth 
and development of granulocytes and macro- 
phages in the blood, have recently been cloned 
and sequenced by a number of laboratories. More- 
over, non-recombinant GM-CSF has been purified 
from culture supernatants of the Mo cell line (de- 
scribed in U.S. Patent 4,438,032), and the first 
sixteen amino acids from the N-terminus have 
been sequenced, Gasson et al., Science , Vol. 226, 
pgs. 1339-1342 (1984). Among the human GM- 
CSFs, nucleotide sequence and amino acid se- 
quence heterogeneity have been observed. For ex- 
ample, at the amino acid level both threonine and 
isoleucine have been observed at position 100 with 
respect to the N-terminal alanine, suggesting that 
several allelic forms, or polymorphs, of GM-CSF 
may exist within human populations. 

A variety of methods are now available for de 
novo preparation and cloning of cDNAs, such as 
cDNAs for GM-CSF, and for the construction of 
cDNA libraries. By way of example, total mRNA is 
extracted from cells (e.g., a nontransformed human 
T cell source) producing polypeptides exhibiting 
the desired activity. The double-stranded cDNAs 
can be constructed from this total mRNA by using 
primer-initiated reverse transcription to make first 
the complement of each mRNA sequence, and 
then by priming for second strand synthesis. Sub- 
sequently, the cDNAs can be cloned by joining 
them to suitable plasm id or bacteriophage vectors 
through complementary homopolymeric tails or co- 
hesive ends created with linker segments contain- 
ing appropriate restriction sites and then transform- 
ing a suitable host. A wide range of expression 
systems (i.e., host-expression vector combinations) 
can be used to produce the proteins purified by the 
process of this invention. Possible types of host 
cells include, but are not limited to, bacterial, yeast, 
insect, mammalian and the like. 

Various methods have been disclosed for ex- 
tracting the GM-CSF from the host cells and sub- 
sequently purifying it, but GM-CSF is not always 
adequately purified in good yield and with retention 
of biological activity. 



SUMMARY OF THE INVENTION 

The present invention is directed at a method 
for separating a crude protein into a relatively pure 

5 protein fraction and an impure protein fraction char- 
acterized by contacting the crude protein with an 
ion exchange resin at a pH such that the pure 
protein and the structurally closely related impurity 
are oppositely charged, whereby one of the frac- 

70 tions is selectively bound to the ion exchange 
resin. The ion exchange resin is a strong ion ex- 
change resin and the pure protein fraction prefer- 
ably is bound to the ion exchange resin. The frac- 
tion bound to the ion exchange resin preferably is 

/5 eluted. 

The pH of the crude protein mixture is adjusted 
to a pH within the range of isoelectric points of the 
protein fractions to be separated such that there is 
an amplified net charge difference between the 

20 fractions. 

The method of the present invention includes 
the step of determining the isoelectric points of the 
pure protein to be recovered and the impurity to be 
removed and determining the pH within the range 

25 of isoelectric points such that the pure protein and 
the impurity are oppositely charged and an am- 
plified difference between said charges exists. The 
isoelectric points of the protein fractions preferably 
are determined by computer simulation or by using 

30 isoelectric focusing gels. 

The above-described method is useful for the 
purification of rDNA protein, particularly 
granulocyte macrophage colony stimulating factor 
(GM-CSF), more particularly for purifying GM-CSF 

35 by separating it from A4 GM-CSF. 

In a particularly preferred method, protein is 
purified by sequentially contacting the protein with: 

A. an anion exchange resin such as a quarter- 
nary amine resin preferably attached to a cross- 

40 linked dextran, cellulose, agarose or acrylic sup- 
port; 

B. a cation exchange resin preferably having a 
sulfonate functionality attached to a cross-linked 
dextran, cellulose, agarose or acrylic support; 

45 and 

C. a gel filtration means preferably having a 
fractionation range of about 5,000 to about 
100,000 daltons for proteins. 

50 DETAILED DESCRIPTION 

The present invention relates to a high resolu- 
tion ion-exchange chromatographic separation 
techique for purifying crude proteins, particularly 
55 crude rDNA proteins. In this technique, chromatog- 
raphy is carried out near the isoelectric points of 
the pure protein sought to be recovered and the 
impurity sought to be removed, preferably at a pH 
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where an amplified (e.g. the maximum) difference 
between charges on the pure protein and impurity 
exists, and where the molecules are oppositely 
charged (polarized). This amplified net charge dif- 
ference, which occurs only near the isoelectric 
point, can be used to select appropriate ion ex- 
change chromatography conditions, resulting in 
selective binding to ion exchange resin in the near 
absence of charges. For convenience, this tech- 
nique is hereafter referred to as Delta Isoelectric 
. Point (DIP) chromatography. 

rDNA impurities closely related to a desired 
rDNA protein are difficult to remove from crude 
protein by gel filtration chromatography, ion ex- 
change chromatography, hydrophobic interaction 
chromatography, reversed-phase high performance 
liquid chromatography, metal chelating affinity 
chromatography as well as other conventional 
types of chromatography. These closely related 
impurities usually are proteins with a molecular 
weight and charge distribution close to the protein 
product of interest, usually missing one (or more) 
charged amino acids. Examples are impurities that 
are proteolytic degradation products formed by nic- 
king a peptide terminus that is accessible to prot- 
eolysis as well as to chromatographic interaction. 
Such impurities are considered inseparable by con- 
ventional ion exchange chromatography. 

The DIP chromatography technique differs 
from conventional ion exchange chromatography in 
a number of ways. DIP is performed at a pH where 
proteins to be separated possess very small net 
electrical charges. This is achieved by loading the 
ion exchange resin at a pH that is only fractional 
pH units away from the isoelectric point (pi) of the 
desired protein and its closely related impurities. 
This is in contrast to conventional ion exchange 
chromatography, which is performed at pH's where 
proteins of interest possess strong electrical 
charges, and wherein loading is carried out about 
1-2 whole pH units away from the pi, an order of 
magnitude greater than in DIP chromatography. 

The pH at which to perform DIP is predicted by 
computer simulations of charge density vs. pH for 
the protein and related impurities, or by analytical 
techniques such as the use of isoelectric focusing 
gels. In conventional ion exchange chromatog- 
raphy, loading pH is determined by gross net 
charge on the desired protein, and loading con- 
ditions are optimized empirically, if at all. Tedious 
trial and error experimentation is needed to deter- 
mine elution conditions. 

Unlike conventional ion exchange chromatog- 
raphy wherein no attempt is made to polarize the 
impurities relative to the desired protein, in DIP 
chromatography the loading pH is selected so that 
it lies between the pi of the closely related impurity 
and that of the desired protein, and therefore, the 



desired protein attains an opposite electrical charge 
to the polarized impurity. 

For DIP chromatography, a high ionic strength 
environment is imposed to reduce protein-protein 

5 interactions during loading, and a strong ion ex- 
changer is used. In conventional ion exchange 
technology, to obtain maximum resolution, weak 
ion exchange resins with lower ionic strength load- 
ing conditions are preferred. The low protein-pro- 

10 tein interaction during loading in DIP chromatog- 
raphy results in highly selective binding and ex- 
tremely fine resolution during the loading phase, 
and additional separation is attained during normal 
gradient elution. In conventional ion exchange 

75 chromatography, non-selective binding occurs dur- 
ing loading and therefore only group separation is 
achieved during loading; most of the separation is 
obtained during the elution phase, under strong 
protein-protein interactions resulting from high lo- 

20 cally bound protein densities on the solid matrix. 

Computer simulation of charge density vs. pH 
can be conducted using commercially available 
software and an appropriate computer (e.g. main- 
frame, microcomputer or personal computer). For 

25 example, a VAX computer (Digital Corp.) may be 
used with a software package such as "Polypep- 
tide Analysis System" by Intellegentics, Inc., copy- 
right 1981. 1982, 1983, 1984, 1985 and 1986. Us- 
ing this software the primary amino acid sequence 

30 is the input and the charge density distribution can 
be obtained at different pH's. Alternatively, pi may 
be determined by using isoelectric focusing (IEF) 
gel electrophoresis according to procedures well 
known to those skilled in the art. 

35 DIP chromatography can be applied to pro- 

teins, especially recombinant proteins, which have 
isoelectric points in a pH range wherein the protein 
is not denatured. The isoelectric points of many 
proteins are known. For example, see the extensive 

40 review article by Righetti, et. al., "Isoelectric Points 
and Molecular Weights of Proteins - A New Table", 
in J. Chrom. , 220 (1981), pg. 115-194 ( Chromatog- 
raphy Reviews ). Examples of therapeutically signifi- 
cant proteins that exhibit isoelectric point al- 

45 lotropism for which DIP chromatography may be 
suitable are GM-CSF, leukocyte and lym- 
phoblastoid interferons, growth hormone, superox- 
ide dismutase and erythropoietin. Other proteins 
include antithrombin III, lactogen, plasminogen, 

so prolactin, urokinase and vitamin Bi 2 -binding pro- 
tein. 

An example of the application of DIP 
chromatography is the following procedure for the 
purification of human recombinant GM-CSF. A par- 
55 ticularly difficult aspect of the purification of GM- 
CSF is the removal of a GM-CSF degradation 
product missing four N-terminal amino acids and 
known as Delta 4 (A4). GM-CSF is usually purified 
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by a combination of anion exchange on a quater- 
nary aminoethyl column, gel filtration and reversed 
phase chromatography, which procedure is not ef- 
fective in removing the A4 impurity. 

DIP chromatography, however, has been suc- 
cessful in removing the A4 impurity. First, a com- 
puter simulation of the intact GM-CSF protein was 
compared to the computer simulation of the A4 
impurity, and it was determined that the pi of GM- 
CSF is 5.24 and the pi of the A4 impurity is 4.98. 
Next, a working pH within this range had to be 
determined at which (a) GM-CSF attained an op- 
posite charge to the A4 impurity, and (b) the rela- 
tive magnitude of the difference between the 
charges is sufficiently amplified to enable separa- 
tion. A minute charge difference of 1 
charge/molecule (1 ch/mol) between the intact GM- 
CSF and the A4 impurity exists over a broad pH 
range (i.e., at pH 0.5, the respective charges are 
+ 16 and +15 and at a pH 11.5, the charges are 
-11.1 and -12). However, as predicted by the com- 
puter model, close to pH 5 the charge difference 
between intact GM-CSF and the A4 impurity is 
amplified (i.e. the relative charge difference is in- 
creased) and the molecules are polarized: at pH 5, 
GM-CSF has +0.9 ch/mol, while the A4 impurity 
possesses only -0.1 ch/mol. Hence, the two neces- 
sary conditions for DIP are satisfied: charge po- 
larization and amplification. 

To further enhance the separation of intact GM- 
CSF from remaining low pi impurities of the E. coli 
host cells and from proteolytic destablizing factors, 
high ionic strength was employed during loading. 
This diminishes electrostatic interactions among 
the molecules. Under these high ionic strength 
conditions, a strong cation exchanger at pH 5, e.g. 
a column such as a sulfonate functionality attached 
to a cross-linked dextran, cellulose, agarose or 
acrylic support (e.g., S-Sepharose, manufactured 
by Pharmacia, Inc., Piscataway, NJ) is therefore 
preferred. 

The use of such a cation exchange resin col- 
umn was found to accomplish a one-step removal 
of the undesirable A4 impurity, various low pi im- 
purities, a 20K E. coli impurity not previously re- 
moved by other procedures, and a proteolytic fac- 
tor, thereby stabilizing the final product. Performing 
the cation exchange chromatography raises the 
purity of the GM-CSF from about 50% to about 
90%, with yields of 70-80%. When followed by a 
gel filtration step, the purity of the GM-CSF is 
raised to about 99%. 

Following is a general description of a proce- 
dure for the isolation and purification of GM-CSF. 
The anion exchange chromatography, preferably 
on a quaternary aminoethyl column, is a conven- 
tional step in the purification of GM-CSF and is 
performed to remove high pi impurities from the 



supernatant after the host cells are killed. The gel 
filtration step, also conventional, is performed to 
remove high and low molecular weight impurities. 
While the following describes a process in which 

5 the purified protein fraction is bound to the strong 
ion exchange resin, it is also contemplated that in 
certain embodiments of the invention the impure 
protein fraction may be bound to the strong ion 
exchange resin. Similarly, while the description and 

10 example are directed at the continuous passing of 
the crude protein through an ion exchange resin 
column, other contacting methods, such as batch 
contacting, also are contemplated. 

General comments: Operations are performed 

/5 at 2-15 *C unless otherwise indicated. Protein con- 
centration is determined at each stage by a 
Coomassie Blue binding assay. If the expected 
degree of purification is not achieved in any 
chromatographic procedure,, eluted fractions may 

20 be re-chromatographed on the same column, or, 
alternatively, recycled through a previous step or a 
previous series of steps. This reprocessing can be 
done on eluted side fractions from a batch or a 
pool of batches. At any step, concentration may be 

25 performed by an ammonium sulfate preciptation, 
isoelectric point precipitation and/or ultrafiltration. 
Buffer solutions are made with deionized water 
(Dl), reverse osmosis water (RO), or water for injec- 
tion (WFI). 

30 

STAGE I: CHROMATOGRAPHY ON QUATERNA- 
RY AMINE COLUMN 

The pH of the crude extract of GM-CSF is 

35 adjusted to 5-7.5 with buffer such as 1M Bis-tris 
(bis[2-hydroxyethyl]imino-tris-[hydroxymethyl]- 
methane) and/or 4N HCI. The solution is then clari- 
fied by centrifugation and/or filtration. The con- 
ductivity is adjusted to below 10 mil- 

40 lisiemens/centimeter (mS/cm) by dilution with water 
or addition of a salt solution such as 4N NaCI. The 
batch is applied to a quaternary amine column (i.e., 
a quaternary amine functionality attached to a 
cross-linked dextran, cellulose, agarose or acrylic 

45 support, such as Q-Sepharose, manufactured by 
Pharmacia, Inc.) at a loading of not greater than 50 
grams of protein per liter of gel. Elution is per- 
formed with a gradient in the range of 0-0.4M NaCI 
or other appropriate salt in a buffer such as 20m M 

so Bis-tris. Appropriate fractions are combined for fur- 
ther processing. 

STAGE II: CHROMATOGRAPHY ON SULFONATE 
COLUMN 

55 

The combined fractions are adjusted to pH 5, 
which is within the range of isoelectric points of the 
protein fractions as determined by DIP chromatog- 
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raphy, with an acid such as 1M acetic acid or 4N 
HCI or a base such as 6N NaOH. The conductivity 
is adjusted to 13 mS/cm with a buffer such as 
0.01 M acetic acid adjusted to pH 5 with NaOH. The 
solution is filtered through a 0.2 micron filter and 
charged onto a sulfonate column (i.e., a sulfonate 
functionality attached to a cross-linked dextran, cel- 
lulose, agarose or acrylic support such as S- 
Sepharose) at a loading of not greater than 20 
grams of protein per liter of column material. Elu- 
tion is performed with a solution of a salt such as 
NaCI at a concentration gradient up to 0.5M in a 
buffer such as 20mM acetic acid, 0.1 3M NaCI, pH 
5.0 buffer. Appropriate fractions are combined for 
further processing. This chromatography step is 
typically repeated. 

STAGE. Ill: AMMONIUM SULFATE PRECIPITA- 
TION 



Ammonium sulfate is added to the combined 
S-Sepharose fractions to a final concentration of 
50% to 60% saturation. The precipitate is collected 
by centrifugation. The precipitate may be stored 
under refrigeration. 

STAGE tV: GEL FILTRATION CHROMATOG- 
RAPHY 

The ammonium sulfate precipitate is dissolved 
in a buffer such as 10mM sodium phosphate, 
50m M citric acid, pH 6 buffer containing up to 
0.35M of a salt such as sodium chloride. The 
solution is centrifuged and filtered through a 0.2 
micron range filter prior to loading on to a gel 
filtration column having a fractionation range of 
from about 5,000 to about 100,000 daltons for 
proteins, e.g., Sephacryl S-200 HR (manufactured 
by Pharmacia, Inc.), pre-equilibrated with the same 
buffer. The loading is not greater than 3.5 grams of 
protein per liter of gel. The column is eluted with 
the same buffer and appropriate fractions are com- 
bined. The fractions are dialyzed against a buffer 
such as an 10mM phosphate, 2mM citrate, pH 7.2 
buffer. Alternatively, the entire Stage IV can be 
performed in this latter buffer. 

STAGE V: PURIFIED BULK GM-CSF 

The combined fractions are filtered through a 
0.2 micron or smaller pore size filter and stored at 
-20 *C or below. 

Typical IEF gel electrophoresis procedures are 
disclosed in the following references: 

1. ELECTROPHORETIC TECHNIQUES, Aca- 
demic Press, (1983) Ed: G.F. Simpson & M. 
Whittaker "Recent Developments in Isoelectric- 
focusing" J.S. Fawcett, p. 57 



2. ISOELECTRIC-FOCUSING: Theory, Method- 
ology and Application P.G. Righetti, Elsevier 
Biomedical Press, (1983) p. 148 

3. APPLICATION OF SEPARATOR ISOELEC- 
5 TRIC-FOCUSING WITHIN pH RANGE 4-6, P. 

Gill, Electrophoresis 6:282 (1985) 

4. RAPID STAINING OF PROTEINS IN ULTRA 
THIN ISOELECTRIC FOCUSING IN 
POLYACRYLAMIDE GEL, M.D. Frey, Elec- 

w trophoresis 3:27-32 (1982) 

5. ULTRA THIN LAYER ISOELECTRIC-FOCUS- 
ING OF ENZYMES IN LIVER SAMPLES OF 
WAGTAILS, M. Germeiner, Electrophoresis 
3:146(1982) 

15 Below is presented an example illustrating pro- 

cedures for purifying GM-CSF based on the DIP 
technique. 

EXAMPLE 1 

20 

PURIFICATION OF GM-CSF 

Step 1 : Quaternary Amine Column Chromatog- 
raphy 

25 

The pH of 180L of crude GM-CSF extract was 
adjusted to pH 6.0 with 3.6L 1M Bis-tris buffer (pH 
6.0) and with 2.0L of 4N HCI. The solution was 
clarified by centrifugation using a Sharpies cen- 

30 trifuge at a feed rate of 0.75Lymin. The supernatant 
was diluted approximately 1.55 fold with cold 
deionized water to reach a final conductivity of 5.5 
mS/cm. A 12L column of Q-Sepharose was equili- 
brated with 10 column volumes of 20mM Bis-tris 

35 buffer at pH 6.0, and 43.6L of extract was applied 
to the column at a loading of 20 mg protein per ml 
of resin. The column (diameter 25 cm) was washed 
at a flow rate of 250 ml/min. with 120L of equilibra- 
tion buffer. A linear gradient was established be- 

40 tween 78L of 20m M Bis-tris buffer containing 0.03 
NaCI at pH 6.0 and 78L of 20mM Bis-tris buffer at 
pH 6.0 containing 0.32M NaCI. Fractions (1.2L 
each) were combined based on gel electrophoresis 
(SDS-PAGE) and the pooled protein (4.9L) was 

45 chromatographed in Step 2. 

Step 2 : Sulfonate Column Chromatography 

The combined fractions (4.9L) from Step 1 
50 were adjusted to pH 5 with 49 ml 1M acetic acid 
(pH 5.0) and the conductivity was adjusted to 15 
mS/cm with 2L 0.01 M acetic acid adjusted to pH 5 
with NaOH. The solution was filtered through a 0.2 
micron filter and then charged to a 0.8L S- 
55 Sepharose column previously equilibrated with 
20mM acetic acid containing 0.13M NaCI at pH 5 
at a loading rate of 4.7 mg/ml column material. The 
column was washed with 2.4L equilibrating buffer, 
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then eluted with a linear gradient established be- 
tween 5.6L 20mM acetic acid at pH 5 containing 

0. 1 3M NaCI and 5.6L 20mM acetic acid at pH 5 
containing 0.5M NaCI. The fractions were com- 
bined based on gel electrophoresis. This 
chromatography step was repeated. 

Step 3 : Ammonium Sulfate Precipitation 

Ammonium sulfate was added to the combined 
fractions from Step 2 (240L), giving a concentration 
of 351 g/L (55% saturation). The solution was held 
at 4*C without mixing for 2 hours, then was cen- 
trifuged at 4,500 rpm for 30 min at 4° C to obtain 
the precipitate. 

Step 4 : Gel Filtration Chromatography 

The ammonium sulfate pellet was dissolved in 
36 ml of 18mM sodium phosphate, 2mM citric acid, 
pH 7.2 buffer. The solution was centrifuged at 
4,500 rpm for 30 min. and the supernatant filtered 
through a 0.2 micron filter. The filtrate was loaded 
onto a 1.8L Sephacryl S-200HR column previously 
equilibrated with phosphate-citrate pH 7.2 buffer at 
a loading rate of 0.21 mg/ml gel. The column was 
eluted with 1.9L of the same pH 7.2 buffer. Frac- 
tions were combined based on protein assay. 

Step 5 : Filtration 

The combined fractions from Step 4 were fil- 
tered through a 0.2 micron filter and stored at 
-20 -C. 

Claims 

1. A method for separating a crude protein mix- 
ture into a first protein fraction containing a 
desired protein and a second protein fraction 
containing one or more undesired structurally 
closely related proteins, which method com- 
prises contacting the crude protein mixture at a 
selected pH with an ion exchange resin, 
characterised in that the ion exchange resin is 
a strong ion exchange resin and the pH of the 
crude protein mixture is adjusted to a selected 
pH value which is chosen by: 

(a) determining the isoelectric points of a 
plurality of proteins in the crude protein 
mixture; 

(b) selecting a pH value which lies between 
determined isoelectric points of the proteins 
of the fractions to be separated whereby at 
said selected pH value proteins in the first 
and second protein fraction are oppositely 
charged and only one of the fractions binds 
to the ion exchange resin. 



2. The method of Claim 1 in which the fraction 
containing the desired protein binds to the ion 
exchange resin. 

5 3. The method of Claim 1 or 2 in which the* 
fraction bound to the ion exchange resin is 
subsequently eluted. 

4. The method of any one of Claims 1 to 3 in 
w which the isoelectric points of the proteins are 

determined by computer simulation or by us- 
ing isoelectric focusing gels. 

5. The method of any one of Claims 1 to 4 in 
T5 which the desired protein is a recombinant 

protein. 

6. The method of any one of Claims 1 to 5 in 
which the desired protein is GM-CSF, 

20 leukocyte interferon, lymphoblastoid interferon, 

growth hormone, superoxide dismutase, eryth- 
ropoietin, antithrombin III, lactogen, plas- 
minogen, prolactin, urokinase or vitamin B12- 
binding protein. 

25 

7. The method of any one of Claims 1 to 6 in 
which the desired protein is GM-CSF. 

a The method of Claim 7 in which GM-CSF is 
30 separated from the A4 impurity. 

9. The method of any one of Claims 1 to 8 in 
which the first protein fraction is bound to an 
anion exchange resin, eluted and then sub- 

35 jected to gel filtration column chromatography. 

10. A method according to Claim 1 for separating 
a desired protein from a closely related impu- 
rity in a crude protein mixture, which method 

40 comprises: 

(a) determining the isoelectric points of the 
desired protein and the impurity; 

(b) adjusting the pH of the crude protein 
mixture to a point between the isoelectric 

45 points of the desired protein and the impu- 

rity; and 

(c) contacting the crude protein mixture at 
such pH with an ion exchange resin, 

whereby the desired protein and the impurity 
so are oppositely charged and only one binds to 

the ion exchange resin. 

11- The method of Claim 10 in which the desired 
protein is GM-CSF, the impurity is the A4 
55 impurity, and the pH of the crude protein mix- 

ture is adjusted to pH 5. 
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Patentanspruche 

1. Verfahren zum Auftrennen eines Rohprotein- 
Gemischs in eine erste, ein gewunschtes Pro- 
tein enthaltende Protein-Fraktion und eine 
zweite, ein oder mehrere unerwunschte, struk- 
turell nahe verwandte Proteine ^ enthaltende 
Fraktion, umfassend das In-Beruhrung-Bringen 
des Rohprotein-Gemischs bei einem ausge- 
wahlten pH-Wert mit einem lonenaustausch- 
Harz, dadurch gekennzeichnet, daB das lonen- 
austausch-Harz ein starkes lonenaustausch- 
Harz ist und der pH-Wert des Rohprotein-Ge- 
mischs auf einen ausgewahlten pH-Wert ein- 
gestellt wird, der dadurch ausgewahlt wird, daB 

(a) die isoelektrischen Punkte einer Mehr- 
zahl Proteine in dem Rohprotein-Gemisch 
bestimmt werden; 

(b) ein pH-Wert ausgewahlt wird, der zwi- 
schen bestimmten isoelektrischen Punkten 
der Proteine der aufzutrennenden Fraktio- 
nen liegt, wodurch bei dem betreffenden 
ausgewahlten pH-Wert Proteine in der er- 
sten Protein-Fraktion und Proteine in der 
zweiten Protein-Fraktion entgegengesetzt 
geladen werden und nur eine der Fraktionen 
an das lonenaustausch-Harz bindet. 

2. Verfahren nach Anspruch 1, worin die das ge- 
wOnschte Protein enthaltende Fraktion an das 
lonenaustausch-Harz bindet. 

3. Verfahren nach Anspruch 1 oder 2, worin die 
an das lonenaustausch-Harz gebundene Frak- 
tion anschlieBend eluiert wird. 

4. Verfahren nach irgendeinem der Anspruche .1 
bis 3, worin die isoelektrischen Punkte der 
Proteine durch Computer-Simulation oder 
durch Verwendung isoetektrischer fokussieren- 
der Gele bestimmt werden. 

5. Verfahren nach irgendeinem der Anspruche 1 
bis 4, worin das gewOnschte Protein ein re- 
kombinantes Protein ist. 

6. Verfahren nach irgendeinem der Anspruche 1 
bis 5, worin das gewOnschte Protein GM-CSF, 
Leukozyten- Interferon, Lymphoblastoid-lnterfe- 
ron, Wachstumshormon, Superoxiddismutase, 
Erythropoietin, Antithrombin III, Lactogen, Plas- 
minogen, Prolactin, Urokinase oder Vitamin 
Bi2-bindendes Protein ist. 

7. Verfahren nach irgendeinem der Anspruche 1 
bis 6, worin das gewOnschte Protein GM-CSF 
ist. 



8. Verfahren nach Anspruch 7, worin GM-CSF 
von der A4-Verunreinigung getrennt wird. 

9. Verfahren nach irgendeinem der Anspruche 1 
5 bis 8, worin die erste Protein-Fraktion an ein 

Anionenaustausch-Harz gebunden, eluiert und 
dann der Gelfiltrations-Saulenchromatographie 
unterzogen wird. 

io 10. Verfahren nach Anspruch 1 zum Abtrennen 
eines gewUnschten Proteins von einer struktu- 
rell nahe verwandten Verunreinigung in einem 
Rohprotein-Gemisch, umfassend 

(a) das Bestimmen der isoelektrischen 
75 Punkte des gewunschten Proteins und der 

Verunreinigung; 

(b) das Einstellen des pH-Wertes des Roh- 
protein-Gemischs auf einen Punkt zwischen 
den isoelektrischen Punkten des gewOnsch- 

20 ten Proteins und der Verunreinigung; 

(c) das In-BerOhrung-Bringen des Rohpro- 
tein-Gemischs bei einem solchen pH-Wert 
mit einem lonenaustausch-Harz, 

wodurch das gewOnschte Protein und die Ver- 
25 unreinigung entgegengesetzt geladen werden 

und nur eine von beiden an das lonenaus- 
tausch-Harz bindet. 

11. Verfahren nach Anspruch 10, worin das ge- 
30 wunschte Protein GM-CSF ist, die Verunreini- 

gung die A4-Verunreinigung ist und der pH- 
Wert des Rohprotein-Gemischs auf pH = 5 
eingestellt wird. 

35 Revendications 

1. Methode pour separer un melange de protei- 
nes brutes en une premiere fraction de proli- 
nes contenant une proteine d6sir£e et une 
40 seconde fraction de prolines contenant une 

ou plusieurs prolines non dSsirees reliees 
structurellement de fagon proche, laquelle me- 
thode comprend la mise en contact du melan- 
ge de prolines brutes a un pH s£lectionn£ 
45 avec une resine d'echange d'ions, caracte>is6e 

en ce que la resine d'echange d'ions est une 
nSsine d'echange d'ions forte et le pH du me- 
lange de proteines brutes est ajuste a une 
valeur de pH selectionnee qui est choisie par : 
so (a) determination des points isoeMectriques 

d'une pluralite de proteines dans le melan- 
ge de proteines brutes; 
(b) selection d'une valeur de pH qui reside 
entre les points isoelectriques determines 
55 des proteines des fractions a separer ce par 

quoi a ladite valeur de pH choisie les proli- 
nes dans la premiere et seconde fraction de 
proteines sont chargees de fagon opposee 
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et seulement une des fractions se lie a la 
resine d'echange d'ions. 

2. Methode selon la revendication 1 dans laquelle 

la fraction contenant la proteine desiree se lie 5 
a la resine d'echange d'ions. 

3. Methode selon la revendication 1 ou 2, dans 
laquelle la fraction Nee a la resine d'echange 
d'ions est ensuite elu^e. w 



te sont chargees de fagon opposee et Tune se 
lie a la resine d'echange d'ions. 

11. Methode selon la revendication 10 dans laquel- 
le la proteine desiree est GM-CSF, I'impurete 
est Timpurete A4, et le pH du melange de 
prolines brutes est ajuste a pH 5. 



4. Methode selon Tune quelconque des revendi- 
cations 1 a 3, dans laquelle les points isoelec- 
triques des proteines sont determines par si- 
mulation par ordinateur ou en utilisant des gels 75 
de focalisation isoelectrique. 



5. Methode selon Tune quelconque des revendi- 
cations 1 a 4 t dans laquelle la proteine d^sirde 

est une proteine recombinante. 20 

6. Methode selon Tune quelconque des revendi- 
cations 1 a 5, dans laquelle la proteine desiree 
est GM-CSF, un interferon de leukocyte, un 
interferon de lymphoblastoTde, une hormone 25 
de croissance, une superoxyde dismutase, 
l'6rythropoietine, Pantithrombine III, le lactoge- 

ne, le plasminogene, la prolactine, I'urokinase 
ou une proteine liant la vitamine Bi 2 . 

30 

7. Methode selon Tune quelconque des revendi- 
cations 1 a 6, dans laquelle la proteine desiree 
est GM-CSF. 



a Methode selon la revendication 7, dans laquel- 35 
le GM-CSF est s^are* de I'impurete A4. 

9. Methode selon Tune quelconque des revendi- 
cations 1 a 8, dans laquelle la premiere frac- 
tion de proteines est liee a une resine d'echan- 40 
ge d'anions, eiuee et ensuite soumise a une 
. chromatographie sur colonne de filtration sur 
gel. 



10. Methode selon la revendication 1 pour s£parer 45 
une proteine desiree d'une impurete reliee de 
fagon proche dans un melange de prolines 
brutes, laquelle methode comprend : 

(a) la determination des points isoelectri- 
ques de la proteine d£sir£e et de Timpurete; 50 

(b) I'ajustement du pH du melange de pro- 
teines brutes a un point entre les points 
isoeiectriques de la proteine desiree et de 
Timpurete; et 

(c) la mise en contact du melange de pro- 55 
teines brutes a un tel pH avec une resine 
d'echange d'ions, 

ce par quoi la proteine desiree et Timpure- 
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